Abstract. Kernel based Digital Image Correlation (KDIC) method is proposed to improve accuracy of the displacement field calculation. With the effect of the image noise considered, a new kernel based similarity coefficient is defined for robust grid data match. Different types of kernel function mean different weighted forms. Two kinds of kernel function are applied for displacement calculation. One is Epanechnikov kernel, and KDIC is equivalent to the traditional digital image correlation (TDIC). The other is a Gaussian kernel used in KDIC to help get more accurate sub-pixel displacement measurement. Simulation analyses validate the effectiveness of this new method in this paper.
Introduction
As an effective optical measurement method, Digital Image Correlation (DIC) technique has been developing rapidly in recent 30 years. Owing to the advantages of DIC, such as non-contact measurement, simple to build the system, full-field data acquisition and so on, DIC technique is widely used in experimental mechanics [1] [2] . At the same time, lots of methods are put forward to improve DIC for higher measurement accuracy and faster processing speed. However, results obtained via traditional DIC (TDIC) [3] are not that satisfactory in practical use. Factors like speckle pattern, image subset size, correlation function, convergence condition of the iteration and so on, affect the testing methods. Some researchers have analyzed these problems in detail and proposed some principles for practical application [4] [5] .
As we all know, image noise is inevitable in actual measurement. TDIC technique depends on the intensity of the image which is affected and changed by the image noise. So, the results calculated by TDIC are not that accurate. Some smoothing methods based on pretreatment [6] [7] or postprocessing technologies [8] [9] are presented to decrease the bad effect of the image noise. In actual measurement, the smoothing parameters in these technologies need to be chosen artificially but with true deformation results of the materials unknown. A new DIC method, with kernel function included (KDIC), is proposed to deal with the image noise for high-precision displacement calculation. Simulation results validate the effectiveness and robustness of the KDIC technique that is insensitive to the image noise.
Introductions of KDIC
Kernel function is added to the correlation function to improve anti-noise performance of the traditional DIC. Considering the control ability of the kernel function in radial direction, intensity differences of the images before and after deformation in given neighborhood S are transformed into the feature space centered at zero. New correlation function based on kernel can be defined as ()
The iteration equation of Newton-Raphson method is applied:
At last, Eq.3 and Eq.4 can be substituted into Eq.5. Then, the Eq.2 is minimized to get the optimum deformation parameters for full-field displacement calculation.
Compared with the gradient and Hessian matrix of the two correlation function, KDIC is a kind of weighted TDIC [3] in format. Therefore, different kinds of kernel functions correspond to different weighted forms [10] . If Epanechnikov kernel is applied, KDIC is the same to TDIC in format. In Gaussian kernel case, the profile is 
Where c x is the center of the function;  stands for the bandwidth and controls radial actuating range of the kernel function. Gaussian kernel is applied in this paper.
Simulation Analysis
In order to validate the effectiveness of the new KDIC method, synthetic speckle images are produced to analyze the deformation of the specimen more objectively. Based on the reference image, twenty deformation images are generated with 0.05 pixel displacement increment along y direction. Noise with 1%, 2% and 4% levels is separately added to this group of images whose displacements range from 0-1pixel. increment of the noise level, effects on the displacements become more apparently. The higher the noise level is, the bigger the two errors are. For the maximum mean bias error, it increases from 0.0077pixel to 0.0994pixel. Similarly, Fig 2 shows that the standard deviation error increases from 0.0029pixel to 0.0133pixel with the raise of the noise levels.
Then, kernel based DIC presented in this paper is applied to deal with the four simulated image sets. And the two kinds of errors are calculated and listed in Fig 3  and Maximum mean bias errors and standard deviation errors of the four image sets are listed in Table1. The results demonstrate the effectiveness of the KDIC method to decrease the mean bias error. However, there is no improvement for reducing the standard deviation error of the displacement calculation. For 1% noise level, which means the SNR (Signal to noise ratio) of the image is 40dB, the maximum mean bias error of the displacement calculation is 6‰. For the industrial cameras, the SNR values can reach 40dB and some may be higher. So, precision with 1‰ of the KDIC method can satisfy the requirement of the high-precision displacement calculation. 
Conclusion
In conclusion, considering bad effects of the random image noise on the displacement calculated by TDIC, a kernel based DIC method which is a generalization expression of TDIC, is proposed in this paper to improve the robustness of DIC without sacrificing the intensity gradient. As for large intensity differences caused by noise, smaller weights, near to zero, should be given to them to reduce the influence of the noise. And large weights are encouraged for these small intensity differences. Obviously, KDIC is a novel method for bias error reduction without changing the image information. Simulation analyses verify the effectiveness of KDIC to reduce the bias error for a high-precision displacement calculation.
